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Abstract 
Increasingly complex market dynamics due to unpredictable forecasts and shorter innovation cycles require maximum flexibility from production 
companies and their manufacturing systems. A manufacturing system should not only produce high-quality products at the lowest possible price; 
it should also be able to react quickly to market changes and consumers preferences. After the implementation in large enterprises belonging to 
the automotive sector and other related sectors, the concept of flexibility and changeability has been introduced in small and medium-sized 
enterprises (SME). In recent years, the concept of flexibility and changeability was object of research and industry. Current research in 
manufacturing pays great attention to flexibility and changeability in manufacturing and assembly systems. Therefore, research and investigations 
are needed to analyze the requirements for the design of flexible and changeable manufacturing and assembly systems in SMEs in order to define 
simple and practically suitable design guidelines. This research analyzes the nature of environmental changes, which SMEs are currently facing, 
due to a questionnaire-based survey. This research paper summarizes the results of the survey, executed with 27 SME companies in North Italy, 
showing the main requirements for the design of flexible and changeable manufacturing and assembly systems.  
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1. Introduction 
Manufacturing organizations are experiencing a wide range of 
forces, which make it necessary for them to continuously adapt 
their manufacturing and assembly operations and consider the 
consequences of their manufacturing activities on customer 
expectations, supplier constraints and changes in law. At this 
regard, the conceptual design and realization of flexible and 
agile manufacturing and assembly systems have had a notable 
impact on many manufacturing enterprises over the last ten 
years. SMEs are especially engaged in volatile and turbulent 
markets forcing them to adapt rapidly to changing market 
conditions [1]. Considering statistical data and analyses about 
the Italian economy and industrial production, it can be pointed 
out that SMEs are numerous and create a considerable part of 
the total value added in the non-financial business economy. 
The Italian medium-sized industry enterprises produce about 
26% and small enterprises about 23% of the total turnover [2]. 
The fact, that in Italy SMEs produce nearly 58% (including 
micro enterprises) of the total turnover demonstrates the 
enormous potential of these types of companies for the Italian 
economy. While the German and French industry turnover is 
based predominantly on large enterprises, in Italy only about 
40% of the total turnover is created through this type of 
organizations. Other typically small structured European 
countries are Spain, Portugal, Estonia, Croatia and Slovenia [3, 
4]. The hypothesis of this research is, that this SME oriented 
countries might be more productive and efficient through the 
use and implementation of more flexible and changeable 
manufacturing and assembly systems. Therefore, a 
questionnaire survey was carried out with a sample of 27 SMEs 
in the province of Bolzano. The ensuing results will also permit 
to identify the most significant differences in manufacturing 
and assembly flexibility and changeability among the 
examined firms, in accordance with their production activities. 
Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
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2. Theoretical background 
Flexible and highly adaptable or changeable manufacturing 
and assembly systems are just known since several years and 
have also been object of research [5, 6, 7, 8, 9].  
Flexibility and changeability in manufacturing and assembly 
have been emphasized as major competitive concerns in 
industrial operations management [10] and their improvements 
are frequently considering an important issue of SMEs. 
Manufacturing and assembly flexibility and changeability 
choices made by firms are aimed to improve competitiveness 
when faced with rapid changes [11, 12]. With globalization, 
companies are forced to consider international markets, to 
answer to local market requirements and to support technical 
standards and changes in the law [13]. Manufacturing and 
assembly flexibility and changeability is often required to speed 
up the introduction of products, which is critical in situations of 
increased uncertainty where products have short product life 
cycles. Even when product innovation capability is not critical 
(in established industries where fewer product changes occur), 
manufacturers often have to face considerable environmental 
uncertainty due to safety and environmental legislation or 
compliance to quality certification requirements. 
The problem of many studies and research is, that they either 
fail to provide operational definitions of manufacturing and 
assembly flexibility and changeability or that they consider the 
different flexibility and changeability types at an aggregate 
level (defining a generic property of the manufacturing systems 
rather than a specific attribute of it) [14]. Since no 
conventionally accepted definitions for manufacturing and 
assembly flexibility and changeability types have been 
established it is important to summarize the operational 
definitions for each type of flexibility and changeability. 
The types and dimensions of manufacturing and assembly 
flexibility and changeability considered for this work rely on a 
combination of the manufacturing types as proposed in [15, 16], 
since this authors have attempted to provide operational 
definitions of a wide set of manufacturing flexibility and 
changeability types. 
According to the specific requirements, the difference 
between flexibility and changeability can be schematically 
illustrated as shown in Fig. 1. 
Fig. 1. Difference between Flexibility and Changeability [17]. 
 
 
2.1. Flexible Manufacturing Systems (FMS) 
FMS provide the tactical option to convert parts of the 
production system for processing new products, which are 
similar to already known product families. Flexibility allows 
the adjustment of the manufacturing system within a defined 
flexibility corridor [18]. In this sense, flexibility describes the 
ability of a production system to adjust the manufacturing 
system very quickly and with little cost. In this context, the 
changes – possible reachable system states – are defined 
through predefined packages of measures and are limited by 
certain flexibility corridors at the time planning [19]. 
In this study, the authors distinguish seven types of flexible 
manufacturing and assembly systems [20, 21, 22]: 
1. Variant flexibility: Ability to manufacture / to assemble 
more variants of a product. 
2. Quantity flexibility: Ability to adapt the production system 
to fluctuating volumes. 
3. Technology flexibility: the ability of manufacturing and 
assembly system to be used for a number of technologies. 
4. Successor flexibility: ability to use equipment or parts also 
for future products. 
5. External flexibility: ability to change the system by 
exchanging elements (example replacing robot gripper). 
6. Internal flexibility: ability to change system without 
modifications (example automatic tool change). 
7. Personnel deployment flexibility: ability to operate with 
more or fewer employees and with different qualifications. 
2.2. Changeable Manufacturing Systems (CMS) 
Changeability describes the ability of a factory or 
production system to switch from one product family to 
another, changing the production capacity accordingly. This 
can have an important influence on the production and logistics 
systems as well as on the building structure and the 
organizational or operational structure. Such a change requires 
a longer lead time for planning and takes place relatively 
quickly [23]. 
To reach changeability in companies and manufacturing 
systems, five enablers (see Fig. 2) can be found in the literature 
[24]. 
Fig. 2. Five enablers for changeability [24]. 
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3. Research methodology and survey design 
For the survey design, the terms flexibility and changeability 
were split into their components, with the aim to classify them. 
The data in the survey refers to a representative sample of SMEs 
located in the province of Bolzano in Italy. The sample is 
represented by a wide spectrum of activities within the industry 
(electromechanical, components, machinery-building, 
machining jobs, etc.), manufacturing practices (assembly, 
discrete parts manufacturing and machining), production types 
(one-of-a-kind, batch and mass production) and 
commercialization type (make-to-stock, make-to-order, 
engineer-to-order). The survey should give an overview of the 
key requirements in the design of flexible and changeable 
manufacturing and assembly systems. 
3.1. Research approach 
The surveys is based not only on a questionnaire, but also on 
interviews with CEOs, production or technical managers or 
other responsible employees in the SME companies in order to 
provide more complete information for the hypothesis. The 
interviews during the study were particularly useful as they 
provide a direct insight into how some types on industrial 
flexibility and changeability found an actual application in the 
industrial practice. In the questionnaire, different types of 
manufacturing and assembly flexibility and changeability were 
defined and described; examples and explanations were 
provided to illustrate each particular flexibility and 
changeability type. Measurements for some sections of the 
questionnaire were made by using discrete Likert-type scales. 
The number of points on the Likert scales were considered in 
the range from 4-point Likert scales [25]. 
3.2. Sample structure 
According to the recommendation of the European 
Commission (2003/361/EC of 6 May 2003), the enterprises 
were clustered into micro- (<10 employees), small- (<50 
employees) and medium-sized enterprises (<250 employees) 
[26]. As can be seen from Table 1, the majority of the surveyed 
companies were small-sized (52%) enterprises followed by 
medium-sized enterprises with 44%. Only one of the surveyed 
companies is a micro-sized enterprise.  
Table 1. Surveyed enterprises size. 
 
In the next table will be revealed that the surveyed 
companies are operating in different industry fields. The 
strongest represented areas in the survey are the machinery and 
plant engineering (29%) as well as the steel and metal 
processing (23%), closely followed by the building industry 
(11%), wood and furniture industry (11%) as well as plastic 
industry (9%). Multiple entries were possible. 
Table 2. Industry sectors of the surveyed companies. 
 
The last question of this section asked the respondents about 
to their role in the company. The questionnaire was, as already 
mentioned before, filled out mainly from CEOs (48%), 
production managers (30%) and technical managers (7%). 
Followed with 4% each or one respondent by the head of 
innovation management and total quality management, the 
junior CEO, the technical manager and production manager as 
well as the head of organizational and personal development. 
Fig. 3. Role of the responded to the questionnaire 
3.3. Survey design 
The questionnaire consisted of 4 sections in which the 
results of the first section are described in the anterior point 
"3.2. Sample structure": 
x Section 1. Examination of general aspects about the 
surveyed enterprises (role of the respondents, enterprise 
size, and industry field). 
x Section 2. Understanding of the current state of the 
manufacturing and assembling (depth of production, type 
of manufacturing, product range, production types, degree 
of automation of the production and assembling, weight 
and dimension of the products, etc.). 
x Section 3. Investigating the environmental features in 
which firms are engaged. 
x Section 4. Concerned the perception of the effectiveness of 
the different dimensions of MA flexibility and 
changeability in countering external and internal stimuli 
and their relative level within the firm. 
4. Results of survey  
In this chapter are described the main results of the survey. 
Industry field N %
Machinery and plant engineering 10 29%
Steel and metal processing 8 23%
Building industry 4 11%
Wood and furniture industry 4 11%
Plastic industry 3 9%
Agriculture 2 6%
Other manufacturing 2 6%
Automotive 1 3%
Electronics 1 3%
Enterprises size N %
Micro 1 4%
Small 14 52%
Medium 12 44%
Totale 27 100%
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4.1. Analysis of the current state of the manufacturing and 
assembling 
The first question in section 2 aimed to identify the depth of 
production. It could be observed that 41% of the surveyed 
companies produce between 75 and 100% of their products 
themselves. Almost a quarter of the companies have a 
manufacturing depth of between 50 and 75%. Nearly one-third 
of surveyed companies evaluated the percentage of their 
inhouse production of total production between 25 and 50%. 
Only 7%, however, have a production depth of up to 25%. 
Fig. 4. Surveyed depth of production 
In the next table will be revealed which types of 
manufacturing were implemented by the surveyed companies. 
The project manufacturing followed by job order 
manufacturing are the two most frequently chosen types of 
manufacturing. More than one-third of surveyed companies 
have between 75 and 100% project manufacturing. 
Table 3. Type of manufacturing of the surveyed company. 
 
The third question in section 2 asked the product range 
chosen by the surveyed companies. It can be seen that most of 
the surveyed companies have decided in the manner shown in 
Table 4 the options "custom order" and "several standard 
products with variants". Therefore, 41% of the companies 
produce between 75 and 100% several standard products with 
variants. 
Table 4. Product range of the surveyed companies. 
 
As can be seen from Table 5, the most frequent production 
types are the one-of-a-kind and the small batch production. 
Only 15% said that only up to 25% of their products are mass 
products. Furthermore, 11% are engaged in batch production 
with between 75 and 100% of there products. 
 
 
Table 5. Production types of the surveyed companies. 
 
The next question in section 2 aimed to identify the 
production principles. As can be seen from the table below, 
nearly half of the surveyed companies (48%) move between 75 
and 100% of the material used during the production, following 
the execution sequence, from one work area to another. That 
means that the workshop-fabrication is the most common 
manufacturing principle. 
Table 6. Production principles of the surveyed companies. 
 
In the next two tables are defined the degree of the 
automation of the manufacturing (Table 7) and of the assembly 
(Table 8). In the manufacturing 61% of the surveyed companies 
have a manual production with the support of mechanical 
equipment. One-third said that in their manufacturing processes 
are involved partially automated systems or robots in 
manufacturing processes. 
Table 7. Degree of automation of the manufacturing of the surveyed 
companies. 
 
The assembly is purely manually in 84% of the surveyed 
companies. Only a few (12%) reported to use mechanical 
devices in the assembly, and only 4% have a semi-automated 
assembly. 
Table 8. Degree of automation of the assembly of the surveyed companies. 
 
The last two question in section 2 asked the dimension and 
the weight of the products of the surveyed companies.  
42% of the surveyed companies reported that their products 
are large and 38% chose option middle.  
Type of manufacturing 0 - 25% 25 - 50% 50 - 75% 75 - 100%
Project manufacturing 19% 11% 11% 37%
Job order manufacturing 7% 11% 15% 30%
Job order assembly 11% 4% 4% 7%
Stock production 11% 15% 0% 4%
Product range 0 - 25% 25 - 50% 50 - 75% 75 - 100%
Custom-order 19% 19% 11% 26%
Several standard products with variants 4% 15% 26% 41%
Several standard products without variants 7% 0% 4% 0%
A single standard product with variants 7% 0% 0% 0%
A single standard product without variants 7% 0% 0% 0%
Degree of automation of the assembly %
Manual assembly 84%
Mechanically assisted assembly 12%
Semi-automated assembly 4%
Highly automated or fully automated assembly 0%
Production principles 0 - 25% 25 - 50% 50 - 75% 75 - 100%
Site fabrication 15% 4% 7% 11%
Workbench Manufacturing 19% 4% 0% 7%
Workshopfabrication 7% 15% 11% 48%
Manufacturing islands 7% 7% 11% 0%
Flexible manufacturing cells 7% 0% 7% 0%
Flow production 15% 4% 4% 0%
Production types 0 - 25% 25 - 50% 50 - 75% 75 - 100%
One-of-a-kind 26% 11% 15% 26%
Small batch production 15% 22% 19% 11%
batch production 7% 4% 15% 11%
Mass production 15% 0% 0% 4%
Degree of automation of the manufacturing %
Manual production 0%
Mechanically assisted manufacturing 61%
Semi-automated manufacturing 32%
Highly automated or fully automated manufacturing 7%
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Fig. 5. Dimension of the products of the surveyed companies 
Similarly to the answers to the question about the dimension 
were the answers about the weight of their products: 36% said 
that their products are heavy. The second most answer was 
"middle" with 21% of the total number of the answers. 
Fig. 6. Weight of the products of the surveyed companies 
4.2. Analysis of the business environment 
The question in section 3 served to investigate the 
environmental features in which the companies are engaged. 
Respondents were asked to specify their level of agreement on 
36 proposed items, following the 4-point Likert scale shown in 
Table 9. Most responses met with the response option ''strongly 
agree" to the "increasing demands on delivery" (70%), 
"increasing quality requirements" (67%), "increasing variety" 
(63%), "individualization" (63%) and "price competition in the 
market" (59%). In addition, the need for diversification with 
44% is another significant business environment. The need for 
automation in production and assembly for 52% of the 
surveyed companies was not accurate. 
Table 9. Business environment of the surveyed companies. 
4.3. Structuring and application of flexible and changeable 
manufacturing and assembly systems 
The first question of section 3 served to investigate how 
many of the surveyed enterprises have dealt with the issue of 
flexibility and changeability of their production. 
Table 10. Percentage of the surveyed companies who have dealt with the 
issue of flexibility and changeability. 
 
As we can see from the table above, 78% of respondents 
have dealt with the issue. In contrast, only 7% have still not or 
only slightly (15%) dealt with the issue. 
The next two questions have aimed to identify the 
importance of the different types of flexibility (Table 11) and 
the different enablers for the changeability (Table 12). For this 
purpose, we consider for each column (from "very important" 
to "not important") the two most common responses: 
Table 11. Importance of the different types of flexibility of the surveyed 
companies. 
 
Most responses met with the response option ''very 
important" to the variant flexibility (63%) and the technology 
flexibility (59%). In contrast, in the column "important" can be 
noticed that the personnel deployment flexibility (52%) and the 
quantity flexibility (48%) were mentioned in most of the cases. 
In the column "less important" the successor flexibility and the 
external flexibility were mentioned equally often with 44%. 
The internal and external flexibility were described by 22% or 
rather 26% of the surveyed companies as not important. 
Table 12. Importance of the different enablers for the changeability of the 
surveyed companies. 
 
Considering Table 12 above, most responses with the 
response option ''very important" met the universality (70%) 
and the reconfigurability (52%). In the column "important" the 
compatibility and the scalability were mentioned equally often 
with 48%. It can be seen that most of the surveyed companies 
have decided the mobility (44%) and the modularity (30%) with 
Have dealt with the issue of 
flexibility and changeability
%
No 7%
Only slightly 15%
Yes 78%
Business environment
Strongly 
disagree
Disagree Agree
Strongly 
agree
Increasing variety 11% 19% 7% 63%
Individualization 0% 15% 22% 63%
Shorter product life cycles 15% 26% 22% 37%
Price competition in the market 0% 19% 22% 59%
Need for diversification 4% 15% 44% 33%
Order forecasts are more difficult 15% 22% 30% 33%
Need for automation in production and assembly 7% 52% 22% 19%
Increasing quality requirements 4% 4% 26% 67%
Increasing demands on delivery 0% 7% 22% 70%
Types of flexibility not important less important important very important
Variant flexibility 0% 4% 33% 63%
Technology flexibility 7% 15% 19% 59%
Internal flexibility 22% 7% 26% 44%
Personnel deployment flexibility 4% 7% 52% 37%
Quantity flexibility 4% 22% 48% 26%
Successor flexibility 4% 44% 30% 22%
External flexibility 26% 44% 22% 7%
Enablers for the changeability not important less important important very important
Universality 15% 0% 15% 70%
Reconfigurability 7% 11% 30% 52%
Effort for reconfigurability 11% 4% 41% 44%
Compatibility 11% 15% 48% 26%
Scalability 4% 26% 48% 22%
Modularity 41% 30% 19% 11%
Mobility 30% 44% 22% 4%
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the response option "less important". These two enablers for the 
changeability were also in the in the column "not important" 
mentioned most often. 
5. Conclusion and outlook 
There is no well-known and established systematic and 
continuous process which enables SMEs to run and change 
manufacturing and assembly systems to cope with 
unpredictable market demands [27]. To meet the – unknown or 
uncertain – market demands with one, fixed assembly system 
over the whole life cycle, MA systems have to be designed to 
fulfil the peak performance and to offer a high degree of 
flexibility [28]. As a result, changeable manufacturing and 
assembly systems should meet the market demands, should 
avoid unnecessary investment over the time and should be 
flexible enough to fulfil uncertain future requirements [27]. 
New product introduction and mix flexibility interact in a fairly 
strict manner, tend to reinforce each other and influence 
common elements in operational domains such as the 
possibility of reusing components and the involvement of 
personnel [29]. 
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